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$EVWUDFW
,QWKHFRQFHSWXDOGHVLJQVWDJHRIQHZSURGXFWGHYHORSPHQWRQHRIWKHPDMRUFKDOOHQJHVLVKRZWRHIIHFWLYHO\GHWHUPLQHWKHVLQJOHEHVWVFKHPHIURP
PXOWLSOHDOWHUQDWLYHV%DVHGRQWKH$[LRPDWLF'HVLJQ7KHRU\WKLVSDSHUSURSRVHVDQHZPHWKRGWRDQDO\]HDQGFRPSDUHDOWHUQDWLYHVFKHPHVDQGWKH
0DUNRYIXQFWLRQLV WKHQXVHGWRFDOFXODWHFRVWDQGGHWHUPLQHWKHRSWLPL]DWLRQGLUHFWLRQRI WKHFKRVHQVFKHPH7KHFRVWRI WKHRSWLPDOVROXWLRQ LV
HVWLPDWHGWKURXJKFDOFXODWLRQVZLWKXWLOLW\IXQFWLRQV7RDGGPRUHGHWDLOVWRWKHILQDOGHVLJQLWLVQHFHVVDU\WRFRQVLGHUERWKWKHZRUNLQJHQYLURQPHQW
DQGXVHUSUHIHUHQFHVWKHQWRIXUWKHUDQDO\]HWKHVFKHPHVYLDIX]]\LQWXLWLRQVLQRUGHUWRGHWHUPLQHWKHEHVWSURWRW\SLQJDQGRSWLPL]DWLRQVWUDWHJ\7KLV
SDSHUHPSOR\VWKHGHVLJQSURFHVVRIDOLEUDU\URERWZKLFKLVGHVLJQHGLQWKHFRQWH[WRIXQLYHUVLW\FDPSXVHQYLURQPHQWDVDQLOOXVWUDWHH[DPSOHWR
VKRZFDVHKRZWRXVHWKHSURSRVHGPHWKRG
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 ,QWURGXFWLRQ
$ORQJVLGHUDSLGDGYDQFHPHQWVLQWHFKQRORJ\WKHGHPDQGIRU
SHUVRQDOL]HGSURGXFWVKDVLQFUHDVHGVXEVWDQWLDOO\LQUHFHQW\HDUV
7RFUHDWHDVXFFHVVIXOSURGXFWVFKHPHWKHGHVLJQHUPXVWFRQVLGHU
ERWK FXVWRPHU SUHIHUHQFHV DQG GLVFUHSDQFLHV LQ SURGXFW XVDJH
7UDGLWLRQDOO\ WKH GHVLJQ VFKHPH LV WUDQVIRUPHG LQWR IX]]\
VHWWKHRU\ IRU GHFLVLRQPDNLQJ DQDO\VLV >@ 6XJJHVWHG E\ WKH
$[LRPDWLF'HVLJQ7KHRU\WKHUHDUHDYDULHW\RIGLIIHUHQWGHVLJQ
GHFLVLRQV ZKLFK VKRXOG EH FDWHJRUL]HG LQWR GLIIHUHQW GRPDLQV
)XUWKHUPRUH GHVLJQ GHFLVLRQV RI WKH VDPH NLQG VKRXOG EH
RUJDQL]HG LQWR D KLHUDUFK\ WR DFFRPPRGDWH WKHLU GLIIHUHQW
DEVWUDFWLRQ OHYHOV 'HVSLWH PDQ\ REYLRXV DGYDQWDJHV RI VXFK D
WZRGLPHQVLRQDOGHVLJQVWUXFWXUHLHGRPDLQDQGKLHUDUFK\WKH
GHVLJQ GHFLVLRQ PDNLQJ SURFHVV LQHYLWDEO\ EHFRPHV PRUH
FRPSOLFDWHG EHFDXVH GHVLJQ GHFLVLRQV DUH RIWHQWLPHV IX]]\ LQ
SDUWLFXODU GXULQJ WKH HDUO\ GHVLJQ SKDVHV ,Q WKH SDVW PDQ\
UHVHDUFKHUVKDYHDWWHPSWHGWRDGGUHVVWKHIX]]LQHVVLQD[LRPDWLF
GHVLJQ>@)RUH[DPSOH+XHWDOXVHGD0DUNRYPRGHOWRSUHGLFW
WKHGHVLJQGLUHFWLRQRIWKHGLVFUHWHRSWLPL]DWLRQGHVLJQVFKHPH>@
%\ XVLQJ D 0DUNRY PRGHO *LUDUG - HW DO SURSRVHG D VHW RI
RSWLPL]HG FRQWURO ORJLF ZKLFK FRQWUROV WKH URERW E\
PLPLFOHDUQLQJ >@ $OWKRXJK WKHVH PHWKRGV FDQ RQO\ VROYH
GHFLVLRQPDNLQJSUREOHPVZLWKLQDVLQJOHGRPDLQKRZHYHU'XH
WR WKH GLIIHUHQW SUHIHUHQFHV DPRQJ GHFLVLRQPDNHUV VHYHUDO
GHFLVLRQPDNLQJPHWKRGVVKRXOGEHFRPSUHKHQVLYHO\DSSOLHGDQG
HIIHFWLYHO\LQWHJUDWHGWKURXJKRXWWKHRYHUDOOGHVLJQSURFHVV>@
+HHWDOXVHGWKHIX]]\LQWXLWLRQPHWKRGWRVROYHPXOWLSURJUDP
GHFLVLRQPDNLQJSUREOHPVXQGHU DYDULHW\RIFLUFXPVWDQFHV >@
7KURXJKWKLVPHWKRGWKHGHVLJQHUWUDQVIRUPVWKHLQGH[RIVHYHUDO
VFKHPHVLQWRDFRPSRXQGPDWUL[DQGWKHQVHOHFWVWKHEHVWVFKHPH
E\ DQDO\]LQJ WKH PDWUL[ SULRULW\ >@ ,Q WKH URERW GHVLJQ ILHOG
:DOODFH HW DO VXFFHVVIXOO\ LPSURYHV WKH UHOLDELOLW\ RI WKH URERW
GHVLJQWKURXJKDQD[LRPDWLFGHVLJQPHWKRG>@
%DVHGRQWKHH[LVWLQJD[LRPDWLFGHVLJQWKHRU\UHODWHGZRUNV
DQG D FRPELQDWLRQ RI VXEMHFWLYH DQG REMHFWLYH PRGHOV ZH
TXDQWLWDWLYHO\DQDO\]HGWKHGHFLVLRQPDNLQJSURFHVVRIDFRPSOH[
GHVLJQVFKHPHDQG WKHQFRPSUHKHQVLYHO\DQDO\]HGWKHSRVVLEOH
SUREOHPVRI DSDUWLDORURYHUDOOGHFLVLRQPDNLQJSURFHVVGXULQJ
WKHGHVLJQVWDJH:HXWLOL]HWKH,PRYLQJURERWZKLFKZRUNVLQ
WKHXQLYHUVLW\FDPSXVHQYLURQPHQW DVDQH[DPSOH WRSURYH WKH
HIIHFWLYHQHVVRIWKLVPHWKRG
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7KHRUHWLFDOIUDPHZRUN
'XULQJ WKH D[LRPDWLF GHVLJQ SURFHVV WKLV SDSHU HVWDEOLVKHG
WKUHH GHVLJQV RQ GLIIHUHQW UHVHDUFK OHYHOV FRQFHSWXDO GHVLJQ
SURGXFWGHVLJQDQGWHFKQLFDOGHVLJQ7KHUHODWLRQVKLSVDPRQJWKH
WKUHHGHVLJQVWDJHVDUHSURJUHVVLYHEXWDOVRLWHUDWLYH,WLVREWDLQHG
VHYHUDOFRQFHSWXDOGHVLJQVFKHPHVSURGXFWGHVLJQVFKHPHVDQG
IXQFWLRQGHVLJQ VFKHPHVDSSOLFDEOH WKURXJKRXW WKHSURFHVV7KH
GHFLVLRQPDNLQJDQDO\VLVZDV WKHQDSSOLHG WR VHOHFW WKHRSWLPDO
VFKHPHRIWKHWKUHHGLIIHUHQWGHVLJQV7KH0DUNRYPRGHOLVXVHG
WRSUHGLFWWKHFRVWWUDQVLWLRQPDWUL[RIWKHSURGXFWVFKHPHLQWKH
FRQFHSWXDO GHVLJQ VWDJH ,Q WKH SURGXFW GHVLJQ VWDJH WKH XWLOLW\
IXQFWLRQ LV XVHG WR GLVFRYHU WKH UHODWLRQVKLSV EHWZHHQ WKH ULVN
SURILWDQGFRVWRIDSURGXFW,QWKHWHFKQLFDOGHVLJQSURFHVVWKH
IX]]\ LQWXLWLRQ PHWKRG LV XVHG WR VHOHFW WKH RSWLPDO VFKHPH
DPRQJVHYHUDOGHVLJQVFKHPHV
$[LRPDWLF GHVLJQ VHUYHV DV WKH WKHRUHWLFDO IRXQGDWLRQ RI WKH
SURSRVHGIUDPHZRUN$VVKRZQLQ)LJFRVWHVWLPDWLRQRIWKH
QH[WVWDJHFDQEHREWDLQHGWKURXJKWKHFRVWSUREDELOLW\PDWUL[%\
GRLQJVRZHFDQSUHOLPLQDULO\GHWHUPLQHWKHFRVWRIHDFKIXQFWLRQ
PRGXOHRIWKHQH[WVWDJH 
1H[WWKUHHVHWVRISURWRW\SHPDFKLQHVZHUHSURSRVHGDQGWKH
RQH EHVW VXLWHG WR WKH RSHUDWLQJ HQYLURQPHQW 'XH WR WKH
VXEMHFWLYH LQIOXHQFH RI PDQ\ IDFWRUV DIWHU REWDLQLQJ VHYHUDO
GHVLJQ VFKHPHV RI WKH SURWRW\SH PDFKLQH ZH DQDO\]HG WKH
VFKHPHVWKURXJKDVXEMHFWLYHGHFLVLRQPDNLQJPHWKRGWKHIX]]\
LQWXLWLRQPHWKRG


)LJ)UDPHZRUNRIWKHSURSRVHGPHWKRG
3UHOLPLQDU\VFKHPHGHVLJQ
3.1. Markov function analysis 
$FFRUGLQJ WR WKH LQGHSHQGHQFHD[LRP WKHPDWUL[RISURGXFW
GHVLJQ LV GHWHUPLQHG E\ WKH PDSSLQJ UHODWLRQVKLSV EHWZHHQ
IXQFWLRQDO UHTXLUHPHQW )5DQGGHVLJQSDUDPHWHUV '3GXULQJ
WKH FRQFHSWXDO GHVLJQ VWDJH >@ $ GHVLJQ PDWUL[ LV XVHG WR
UHSUHVHQWWKH)5'3UHODWLRQVKLSV
>)5@Pî  >$@PîQî>'3@Qî        
:KHUHWKHSDUDPHWHUPDWUL[RI$LVGHWHUPLQHGE\
Aij=
FRi
஽௉೔
                                           
,I PDWUL[ $ LV D SXUHO\ GLDJRQDO PDWUL[ WKH VFKHPH LV
XQFRXSOHG PHDQLQJ WKDW DOO LWV IXQFWLRQDO UHTXLUHPHQWV FDQ EH
VDWLVILHGLQGHSHQGHQWRIHDFKRWKHU
7KLVSDSHUHVWDEOLVKHVDFRQYHUVLRQSUREDELOLW\IXQFWLRQIRUWKH
SDUDPHWHUPDWUL[RIWKHSURGXFWYLDWKH0DUNRYIXQFWLRQ8QGHU
WKH FRQGLWLRQV RI GLVFUHWHWLPH DQG ILQLWHVWDWH WKH ILUVW RUGHU
0DUNRY IXQFWLRQ IRUPV D VWDWH VHTXHQFH FRPSRVHG RI UDQGRP
YDULDEOHVWKDWDUHGHSHQGHQWRQO\RQWKHUDQGRPYDULDEOHVRIWKH
SUHYLRXVVWDJH%\XVLQJWKHWUDQVIHUIXQFWLRQZHFDQGHGXFHWKH
SUREDELOLW\PDWUL[RIWKHQH[WVWDWHIURPWKHSUREDELOLW\PDWUL[RI
WKHFXUUHQWVWDWH
/HWįLEHWKHULVNRIFRVWIOXFWXDWLRQXQGHUWKHFXUUHQWVWDWHDQG
L «Q
7KHFRVWSUREDELOLW\PDWUL[IRUGHVLJQLQJDFHUWDLQIXQFWLRQRI
WKHURERWLV
ȝ ^ȝLȝMȝN`
7KH FRQYHUWHG FRVW SUREDELOLW\ PDWUL[ IRU DGGLQJ D QHZ
IXQFWLRQRUFKDQJLQJWKHRULJLQDOIXQFWLRQRQWKHURERWLV
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$GGLQJ RU FKDQJLQJ D IXQFWLRQ RQ WKH URERWZLOO OHDG WR DQ
H[SHFWHGSURILWFKDQJH[ZKHUH 
[ ^[L[M[N`LMNࣅ&
7KH WUDQVLWLRQ SUREDELOLW\ PDWUL[ LV 3 $IWHU DQDO\]LQJ WKH
FRQFHSWXDO VFKHPH ZH FDQ REWDLQ WKH SDUDPHWHUV RI WKH EDVLF
IXQFWLRQDOV\VWHPFRVW WKHULVNRIFRVWIOXFWXDWLRQLQWKHFXUUHQW
VWDWH DQG WKH HVWLPDWHG SURILW 7KH DERYH SDUDPHWHUV FRQVWUXFW
PDWUL[3ZKLFKLVWKHFRQYHUVLRQSUREDELOLW\PDWUL[WKDWFRQYHUWV
WKHFXUUHQWFRVWSUREDELOLW\LQWRWKHFRVWSUREDELOLW\PDWUL[RIWKH
QH[WVWDJH6R
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3.2. Dividing cost-utility stages 
%HFDXVH WKH 0DUNRY PRGHO FDQ RQO\ SUHGLFW WKH YDULDWLRQ
WHQGHQF\ RI WKH GHVLJQ FRVW IRU WKH QH[W VWDJHPRGXODU GHVLJQ
VKRXOG EH DGRSWHG WR UHDOL]H WKH EDVLF IXQFWLRQV IRU PRYLQJ
VWHHULQJDQGEHDULQJGXULQJWKHGHVLJQSURFHVV7KHVHIXQFWLRQV
DUH GHVLJQHG VR WKDW DOO IXQFWLRQV PHHW WKH UHTXLUHPHQWV RI
D[LRPDWLF GHVLJQ :KLOH PDNLQJ DQ D[LRPDWLF GHFLVLRQ WKH
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IROORZLQJWZRD[LRPVPXVWEHFRPSOLHGZLWK
$[LRP  7KH ,QGHSHQGHQFH $[LRP ZKLFK PDLQWDLQV WKH
LQGHSHQGHQFHRIIXQFWLRQDOUHTXLUHPHQWV
$[LRP  7KH ,QIRUPDWLRQ $[LRP ZKLFK PLQLPL]HV
LQIRUPDWLRQFRQWHQW
%DVHG RQ WKH DERYH LW LV IRXQG D UHODWLRQVKLS LQPDWUL[ $ 
P Q
7KH FRVW RI WKH PRYHPHQW V\VWHP LV GHWHUPLQHG E\ WKUHH
IDFWRUV 7KH WXUQLQJ UDGLXV WKH FRQWURO GLIILFXOW\ DQG WKH
KDUGZDUH VHOHFWLRQ 7KHVH WKUHH IDFWRUV VKRXOG DOO PHHW WKH
,QGHSHQGHQFH $[LRP VR WKH FRVW GLVWULEXWLRQ PDWUL[HV RI WKH
WKUHHIDFWRUVPXVWPHHWWKHUHTXLUHPHQWVRIWKHGLDJRQDOPDWUL[
7KHUHIRUHP Q 
7KHXWLOLW\IXQFWLRQFDQKHOSH[SODLQWKHUHODWLRQVKLSVEHWZHHQ
ULVNFRVWDQGSURILW 
$VVXPLQJWKHFRVWȝDQGWKHQHWSURILWGLVWULEXWLRQIXQFWLRQ
I[IROORZWKHOLQHDUSOXVH[SRQHQWLDOXWLOLW\IXQFWLRQZHKDYH
fሺxሻ ቊįij ή e
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
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    
7DNLQJ WKH HIIHFWLYHQHVV IXQFWLRQ WKH DYHUDJH H[SHFWDQF\ RI
GHFLVLRQULVNLVJLYHQE\
Eሺxሻ įÂ
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ξʌ

ξʌ
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
$FFRUGLQJWRWKHULVNSUHIHUHQFHWKHRU\ZKHQ[ ȝWKHVFKHPH
LVDULVNQHXWUDOW\SHZKHQ[!ȝWKHVFKHPHLVDULVNVHHNLQJW\SH
ZKHQ [ȝ WKH VFKHPH LV D ULVNDYHUVLRQ W\SH $V WKH SURILW
LQFUHDVHVWKHULVNLQFUHDVHVFRUUHVSRQGLQJO\
 &RVWXWLOLW\ SUHIHUHQFH DQDO\VLV RI WKH VHFRQG JHQHUDWLRQ
URERW
4.1. “I moving” robot 
7DNLQJ WKH LQLWLDO GHVLJQ RI WKH OLEUDU\ URERW DW %HLMLQJ
8QLYHUVLW\RI&LYLO(QJLQHHULQJDQG$UFKLWHFWXUH%8&($DVDQ
H[DPSOH ZH GLVFXVVHG WKUHH NH\ IDFWRUV ZKLFK LQIOXHQFH WKH
PRYHPHQW V\VWHP WKURXJK WKH 0DUNRYXWLOLW\ IXQFWLRQ PRGHO
7KHFRVWLVPRVWO\UHODWHGWRWKHWXUQLQJUDGLXVFRQWUROGLIILFXOW\
DQGKDUGZDUHVHOHFWLRQ$VVXPLQJ WKDWDOO WKUHHGHVLJQVFKHPHV
DUH ILW IRU WKH OLEUDU\¶VRSHUDWLRQDOGHPDQGV WKHUHDUHVWLOORWKHU
IDFWRUVWKDWDIIHFWWKHGHVLJQVFKHPHVXFKDVFRPIRUWOHYHOVHUYLFH
WDUJHWDQGXVDJHFRVW 
3UHYLRXV VWXGLHV LQGLFDWHG WKDW WKH LQIOXHQFLQJ IDFWRUV RI WKH
URERW¶VSURGXFWLRQFRVW LQFOXGH WXUQLQJUDGLXVFRQWUROGLIILFXOW\
DQG KDUGZDUH VHOHFWLRQ >@ 7KH GHWDLOHG FODVVLILFDWLRQV RI
GLIIHUHQWFRVWVFKHPHVDIIHFWHGE\YDULRXVLQIOXHQFLQJIDFWRUVDUH
VKRZQLQ)LJ

)LJ,QIOXHQFLQJIDFWRUVRIWKHURERW¶VPRYHPHQWV\VWHP

)LJ$JHGLVWULEXWLRQRIWKHOLEUDU\XVHULQ%8&($
4.2. Cost-function parametric index of the robot 
)LJXUHVKRZVWKHDJHGLVWULEXWLRQRIOLEUDU\XVHUVLQ%8&($
$VLOOXVWUDWHGFROOHJHVWXGHQWVDUHWKHSULPDU\WDUJHWFXVWRPHUVRI
WKH OLEUDU\ URERW7KHUHIRUH GXULQJ WKH IX]]\ LQWXLWLRQ DQDO\VLV
ZH SUHIHUHQWLDOO\ VHOHFWHG WKH VFKHPH PRVW VXLWHG WR \RXQJ
SHRSOH
7KH UHOHYDQWSDUDPHWHUV GHWHUPLQHG WKURXJKPDUNHW UHVHDUFK
DUHVKRZQLQ7DEOH
%DVHGRQWKHFRPSOHWHGDWDRIWKHFRPSOHWHGEDVLFPRYHPHQW
V\VWHPZHFDQREWDLQWKHFRVWRIGHVLJQDQGFRQVWUXFWȝ >
 @ 7KHUHIRUH ZH FDQ FDOFXODWH WKH FRVW GLVWULEXWLRQ
SUREDELOLW\DVȝ >@
7DEOH&RVWGLVWULEXWLRQRIZDONLQJURERWV\VWHP
 &RVWȝ50%
7XUQLQJUDGLXV 

&RQWUROGLIILFXOW\ 

+DUGZDUHVHOHFWLRQ 





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

'XHWR(TZHKDYH
3 ൥
  
  
  
൩Ǥ
6XEVWLWXWLQJWKHUHVXOW3LQWR(TZHJHWWKHHVWLPDWHGFRVW
GLVWULEXWLRQSUREDELOLW\LQȝ ȝ
Â3 >@
7KXV ZLWKRXW DGGLQJ DGGLWLRQDO FRVW FKRRVLQJ WKH ULJKW
KDUGZDUH DQG WUXQFDWLQJ WKH WXUQLQJ UDGLXV FDQ IXUWKHU LPSURYH
WKHURERW
VSHUIRUPDQFH
7KH HVWLPDWHG SURILW RI WKLV ILUVW JHQHUDWLRQ HQJLQHHULQJ
SURWRW\SH PDFKLQH LV 50%PHDQV &KLQDPRQHWDU\ XQLW 
DQGWKHFRVWLV50%7KURXJK(TDQG(TZHKDYH
8[!ZKLFKVKRZVWKHVFKHPHRIWKLVILUVWJHQHUDWLRQLVDULVN
DYHUVLRQW\SH
%DVHG RQ 0DUNRY IXQFWLRQ FDOFXODWLRQV ZH IRXQG WKDW WKH
URERW¶VSHUIRUPDQFHFDQLPSURYHWKHFRVWGLVWULEXWLRQSUREDELOLW\
ZKHUHȝ >@7KURXJK(TDQG(TZH
IRXQG/HW8[  VR[ X :LWK(TZHKDYH
(ሺȝሻ į ξʌ

İ
:KHQİLVDWDPLQLPXP(ȝ ZKLFKPHDQVWKHULVNRIFRVW
IOXFWXDWLRQįFDQEHLJQRUHG
8VLQJWKH0DUNRYIXQFWLRQLWZDVIRXQGWKDWWKHOLEUDU\URERW
GHVLJQ KDV D KLJK GHPDQG IRU KDUGZDUH VHOHFWLRQ DQG WXUQLQJ
UDGLXVGHPDQGVIRUFRQWUROSUHFLVLRQDQGDFFXUDF\DUHORZ8VLQJ
WKHXWLOLW\IXQFWLRQZHGLVFRYHUHGWKDWZKHQWKHWRWDOFRVWLV50%
 WKH0DUNRYXWLOLW\ IXQFWLRQ LV DW LWV EHVW GHFLVLRQ SRLQW
7KXVFRQWUROOLQJWKHFRVWRIWKHURERWDW50%DOORZVXVWR
REWDLQWKHPD[LPDOUHWXUQSUREDELOLW\7RVHFXUHDKLJKHUSURILWLW
VKRXOG FRQVLGHU QRW RQO\ WKH URERW¶V IXQFWLRQDO SDUDPHWHUV EXW
DOVR WKHDGDSWDELOLW\RI LWV DSSHDUDQFH LQD VHUYLFHJURXSXVLQJ
IX]]\LQWXLWLRQDQDO\VLV
4.3. Three design schemes 
7KHRSWLPL]HGFRVWZDVVXEGLYLGHGLQWRWKUHHSDUWVDQGWKUHH
VHWV RI PRYHPHQW V\VWHP VFKHPHV ZHUH GHVLJQHG DFFRUGLQJO\
7KHREMHFWLYHFDOFXODWLRQVKRZVWKDWLQDGGLWLRQWRWKHPRYHPHQW
GHPDQGVWKHGHVLJQHUVVKRXOGFRQVLGHUVXEMHFWLYHIDFWRUVOLNHWKH
URERW¶V DSSHDUDQFH VHUYLFH WDUJHW DQG XQLTXH HQYLURQPHQWDO
IDFWRUV DW%8&($7DEOH  VKRZV WKH WKUHH EDVLF OLEUDU\ URERW
VFKHPHV7KUHHVHWVRISURWRW\SHURERWVDUHVKRZQLQWKH)LJ
4.4. Expert valuation indicators of the fuzzy schemes 
7DEOHIDFLOLWDWHVDQDO\VLVWKHVFKHPHVWKURXJKWKHVXEMHFWLYH
HYDOXDWLRQRIWKHPRYHPHQWV\VWHPDSSHDUDQFHDQGVHUYLFHWDUJHW
+RZHYHU LW LV GLIILFXOW WR ILQG VXEMHFWLYH IDFWRUV UHODWLYH WR DQ
REMHFWLYHDQDO\VLVRIWKHVFKHPHVWKURXJKIDFWRUVVXFKDVUHVHDUFK
FRVWVHUYLFHOLIHDQGRSHUDWLYHGLIILFXOW\LQGH[)LJXUHVVKRZ
WKUHH VHWV RI VFKHPH HYDOXDWLRQV JLYHQ E\ WKUHH H[SHUWV ZKR
DQDO\]HG WKH VFKHPHV E\ D PXOWLDWWULEXWH IX]]\ SUHIHUHQFH
GHFLVLRQPDNLQJPHWKRG7KLVSDSHUGLVWULEXWHGWKHZHLJKWRIWKH
WKUHHGHFLVLRQPDNHUVDVȝNYNʌN DVVKRZQLQWDEOH


)LJD$E$F$
7DEOH)HDWXUHVSURILOHVRIWKUHHVFKHPHV
 :KHHO 6WHHULQJ6\VWHP %HDULQJDQG0RYHPHQW6\VWHP 3URGXFW)XWXUH 6HUYLFH7DUJHW
$ 1RUPDOWUDLQZKHHO
VPDOO(ODVWLFZLWK
EUDNHHDVLO\FDXVHVD
VLGHVNLG
7XUQLQJUDGLXVVWD\VDW
]HURLQIOH[LEOHGLUHFWLRQ
WXUQLQJWKHZKHHOKDVDQ
RIIFHQWHUSUREOHP
6HSDUDWHEHDULQJDQGPRYHPHQW
V\VWHPV
(TXLSSHGZLWKEDWWHU\LQGLFDWRU
(DV\LQVWDOODWLRQ
6PDOOLQDSSHDUDQFH
\HDUVROG
$ &RPSRXQGZKHHOV

:KHHOVWHHULQJV\VWHP ,QWHJUDWHGEHDULQJDQGPRYHPHQW
V\VWHPV
6PDOOLQDSSHDUDQFH
)L[HGKHLJKW
+DUGLQVWDOODWLRQ
\HDUVROG
$ 1RUPDOWUDLQZKHHO
ODUJHVWHDG\UXQQLQJ
7XUQLQJUDGLXVVWD\VDW
]HUR
6HSDUDWHEHDULQJDQGPRYHPHQW
V\VWHPVEXWFDQQRWPRYHZKHQDORDG
LVEHLQJDSSOLHG
$GMXVWDEOHKHLJKW
/DUJHLQDSSHDUDQFHKHDY\ZHLJKW
HUJRQRPLFGHVLJQULGHVFRPIRUWDEO\
\HDUVROG
7DEOH(YDOXDWLRQE\([SHUW'
 0RYHPHQW6\VWHP $SSHDUDQFH  7DUJHW8VHU
$ & & &
$ & & &
$ & & &


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7DEOH(YDOXDWLRQE\([SHUW'
 0RYHPHQW6\VWHP $SSHDUDQFH  7DUJHW8VHU
$ & & &
$ & & &
$ & & &
7DEOH(YDOXDWLRQE\([SHUW'
 0RYHPHQW6\VWHP $SSHDUDQFH  7DUJHW8VHU
$ & & &
$ & & &
$ & & &
7DEOH3ROLF\PDNHU¶VZHLJKWGLVWULEXWLRQ
([SHUW :HLJKW 1XPHULFDOO\9DOXH
'
'
,LPSRUWDQW
9,YHU\LPSRUWDQW


' 0PHGLXP 
7DEOH&RPSOH[PXOWLDWWULEXWHPDWUL[
 7UDYHO6\VWHP 6KDSH 6XLWDEOH&URZG
$ & & &
$ & & &
$ & & &

4.5. Analysis of the characteristic environmental suitability by 
using fuzzy intuition analysis method 
&KDQJLQJ WKH ZHLJKWV RI WKH SROLF\PDNHUV LQWR ZHLJKW
FRHIILFLHQWVZHKDYH
Ȝ 
¨minȡÂ¨max
¨ijȡÂ¨max

:KHUHNࣅLVVXEVWLWXWHGNLQWR(TDVIROORZV
Ȝ Ȝ Ȝ 
:LWK WKH DERYH YDOXHV ZH REWDLQHG WKH FRPSOH[
PXOWLDWWULEXWH IX]]\ LQWXLWLRQ PDWUL[ VKRZQ LQ 7DEOH  7KH
IX]]\ LQWXLWLRQ HQWURSLHV RI WKH WKUHH DWWULEXWLRQV FDQ EH
REWDLQHGE\
HM 
1
nÂln2
෍ >ȝijÂlnȝLMYijÂlnvijʌiln1ʌij@

L 

6RZHKDYH+ + + 7KH HQWURS\
ZHLJKWRIWKHDERYHYDOXHVFDQEHREWDLQHGE\ 
Ȧj 
1Hj
nσ HjnM 
Ǥ
$QGWKXVȦ Ȧ Ȧ  
$IWHUVHWWLQJWKHFRUUHVSRQGLQJJUH\FRUUHODWLRQFRHIILFLHQW
FRUUHVSRQGLQJ WR GLIIHUHQW DWWULEXWHV WKLV SDSHU REWDLQHG WKH
YDOXH GLIIHUHQFH EHWZHHQ WKH PLQLPXP DQG PD[LPXP 7KH
IX]]\LQWXLWLRQHQWURS\YDOXHVRIWKHWKUHHSURSHUWLHVLQ(T
DUH +  +  +  7KH ZHLJKWV RI WKH
FRUUHVSRQGLQJ DWWULEXWH HQWURS\ DUH Ȧ  Ȧ 
Ȧ  6R HDFK DWWULEXWH¶V FRUUHVSRQGLQJ JUD\ FRUUHODWLRQ
FRHIILFLHQWYDOXHEHWZHHQWKHPLQLPXPDQGPD[LPXPFDQEH
GHWHUPLQHG

,WFDQVXEVWLWXWHWKHYDOXHLQWR İLM ൌ
¨PLQȡÂ¨PD[
¨LMȡÂ¨PD[

:KHUHȡLVDUHVROXWLRQUDWLRLQQRUPDOFLUFXPVWDQFHVȡ= 
7KH¨LMYDOXHVKRZV WKHGLIIHUHQFH LQYDOXHEHWZHHQ WKH
VLQJOHOLQHPD[LPXPDQGWKHVLQJOHOLQHPLQLPXP
7KHFRUUHVSRQGLQJJUD\UHODWLRQDOGHJUHHȖLLVJLYHQE\
Ȗi σ ȦjÂİLM
3
j 1                

7KURXJKWKHDERYHHTXDWLRQZHKDYH
Ȗ Ȗ Ȗ 
7KHUHIRUH XVLQJ WKH OLEUDU\ HQYLURQPHQW VKDSH LV PRUH
LPSRUWDQW WKDQ VXLWDEOH FURZGZKLOH VXLWDEOH FURZG LVPRUH
LPSRUWDQW WKDQ WUDYHO V\VWHP ,W LV DVVLJQHG GLIIHUHQW ZHLJKW
FRHIILFLHQWV WR GLIIHUHQW FKDUDFWHUV 7KH FRHIILFLHQW RI WUDYHO
V\VWHPLVRIVKDSHLVDQGRIVXLWDEOHFURZGLV
7KHUHVXOWVDUHVKRZQLQ7DEOH
7KHUHIRUH LQ WKH FROOHJH HQYLURQPHQW ZKHUH WKH IORRU LV
VPRRWKDQGWKHUXQQLQJVSHHGLVKLJKLWIRXQG$SUHIHUHQWLDO
WR$DQG$SUHIHUHQWLDOWR$


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7DEOH*UH\FRUUHODWLRQFRHIILFLHQWRIHDFKDWWULEXWH
 & & & 0LQ 0D[
ɷ1     
ɷ2     
į     
ᇞPLQ     
ᇞPD[     
7DEOH  2YHUDOOPHULWRIWKHSURJUDPV
$ $ $
   
&RQFOXVLRQ
%\ XVLQJ WKH0DUNRY IXQFWLRQ LW LV IRXQG WKDW KDUGZDUH
VHOHFWLRQ DQG WXUQLQJ UDGLXV DUH WKH WZR GULYLQJ IRUFHV WKDW
DIIHFW WKH URERW¶V SHUIRUPDQFH %\ DQDO\]LQJ WKH XWLOLW\
IXQFWLRQV LWZDV FRQFOXGHG WKDW WKH ULVNRI LQFUHDVLQJFRVW LV
ORZ $ERYH DOO LW FDPH WR WKH FRQFOXVLRQ WKDW WKH
VHFRQGJHQHUDWLRQ URERW GHVLJQ ZLOO VDWLVI\ EDVLF GHPDQGV
ZKHQRSHUDWLQJLQWKHOLEUDU\HQYLURQPHQW,WLVDOVRIRXQGWKDW
WKH FRVWSURILW GLVWULEXWLRQ FRQIRUPV WR WKH EDVLF LQYHVWPHQW
SULQFLSOHZKHUHSURILWLQFUHDVHVZLWKULVN 
,WZDVIRXQGWKDWLQGLYLGXDOVSD\WKHPRVWDWWHQWLRQVWRWKH
URERW¶VDSSHDUDQFHDPRQJDOOWKHIDFWRUVLWH[SORUHG7KHUHIRUH
WKH ILUVW FRQVLGHUDWLRQ ZKHQ HVWDEOLVKLQJ WKH EDVLF GHVLJQ
VFKHPHLVWKDWWKHDSSHDUDQFHVKRXOGVDWLVI\WKHXVDJHGHPDQG
DQGHUJRQRPLFGHPDQGRIWKHWDUJHWXVHUV
$FNQRZOHGJPHQWV
7KLVZRUNZDVVXSSRUWHGE\WKH6FLHQWLILF5HVHDUFK3URMHFW
RI %HLMLQJ (GXFDWLRQDO &RPPLWWHH 3URMHFW QXPEHU
.0 WKH ,PSRUWDWLRQ DQG 'HYHORSPHQW RI
+LJK&DOLEHU7DOHQWV3URMHFWRI%HLMLQJ0XQLFLSDO,QVWLWXWLRQV
&,7	7&' WKH %HLMLQJ 1DWXUDO 6FLHQFH
)XQG.= WKH 6PDOOPHGLXP &LW\ 6HWWOHPHQW
(QYLRUPHQW ,QGH[ 6\VWHP FV\ WKH 6FKRRO RI
0HFKDQLFDO(OHFWURQLF DQG 9HKLFOH (QJLQHHULQJ %HLMLQJ
8QLYHUVLW\ RI &LYLO (QJLQHHULQJ DQG $UFKLWHFWXUH DQG WKH
%HLMLQJ.H\/DERUDWRU\RI3HUIRUPDQFH*XDUDQWHHRQ8UEDQ
5DLO7UDQVLW9HKLFOHV
5HIHUHQFHV
>@&HEL6.DKUDPDQ&([WHQVLRQRID[LRPDWLFGHVLJQSULQFLSOHVXQGHUIX]]\
HQYLRUPHQW([SHUWV\VWHPVZLWKDSSOLFDWLRQV
>@ &HQJL] ' &HQJL] . 6HOFXN & $ QHZ PXOWLDWWULEXWH GHFLVLRQ PDNLQJ
PHWKRG KLHUDUFKLFDO IX]]\ D[LRPDWLF GHVLJQ ([SHUW 6\VWHPV ZLWK
$SSOLFDWLRQV
>@ +X 4< <XH :< 0DUNRY GHFLVLRQ SURFHVVHV ZLWK WKHLU DSSOLFDWLRQ
86$6SULQJHU6FLHQFH%XVLQHVV0HGLD
>@*LUDUG-(PDPL05&RQFXUUHQW0DUNRYGHFLVLRQSURFHVVHVIRUURERWWHDP
OHDUQLQJ (QJLQHHULQJ DSSOLFDWLRQV RI DUWLILFLDO LQWHOOLJHQFH ±

>@ $EEDV $( ,QYDULDQW PXOWLDWWULEXWH XWLOLW\ IXQFWLRQV 7KHRU\ DQG
'HFLVLRQ
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